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SPEED OF INNOVATION IN HIGH TECHNOLOGY FIRMS:
GEOGRAPHIC AND ORGANIZATIONAL STRATEGIES
Elsie L. Echeverri-Carroll and Lynn Hunnicutt

ABSTRACT

Competition in high technology is increasingly based on rapid innovation. But what
conditions quicken innovation? Some suggest innovation is faster in firms with many related
organizations located nearby. Others propose relationships with customers and suppliers as key
factors in rapid innovation. We attempt to differentiate between these hypotheses. We find that
local amenities determine firm location, but not innovation speed. Instead relationships with
suppliers and customers are the main determinants of innovation speed.

SPEED OF INNOVATION IN HIGH TECHNOLOGY FIRMS:
GEOGRAPHIC AND ORGANIZATIONAL STRATEGIES*

INTRODUCTION

There is a large and growing literature on the "need for speed" in innovation. Shortening the
time from conception to final product has become a widely used method of gaining competitive
advantage (Kessler and Chakrabarti, 1996). However, most of the academic literature on new
product development is based on case studies or anecdotal evidence (Brown and Karagozoglu,
1993). McDonough and Barczak (1991) make this argument, citing a" ... dearth offield studies on
factors that contribute to rapid development." In this paper, we present the results of an empirical
study of the factors influencing innovation speed using data collected from a survey of high
technology finns in the five major metropolitan areas of Texas. Because our set of precursors to
innovation includes both organizational and geographic features, this study contributes to and draws
on two sets of literature-organizational strategy and economic geography.
We choose to concentrate on high technology because innovative speed is a critical factor
influencing competition in these industries. Product life cycles in high technology industries have
fallen dramatically, making faster innovation a necessary component of any competitive strategy
(Angel, 1994; Brown and Karagozoglu, 1993; Page, 1993; Vesey, 1991). Additionally, the more
competitive the industry, the more likely it is that finns will use speed in developing new products
and processes as a basis for competitive advantage (Emmanuelides, 1991; Porter, 1990;
Schoonhoven, Eisenhardt & Lyman, 1990). These facts suggest that speed of innovation is crucial
in high technology industries, so that understanding which factors best explain and predict
differences in innovation speed should be of great interest to managers.
Key to our discussion is the assumption that knowledge transfer is crucial to innovation
(Griliches, 1979; Feldman, 1994; Dosi, 1988). The faster a finn is able to obtain knowledge, the

*Valuable research assistance was provided by Susan Adams, Tomoko Banno, Robert Mohr, and Rita Wright.
This work was funded by the Air Force Office of Science Research through the IC2 Institute. Additional funds were
obtained from the Bureau of Business Research at the University of Texas at Austin. The usual caveat applies.
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more rapid is its innovation rate (Goto, 1997). The question to be answered, then, is what factors
determine the speed at which firms obtain the outside knowledge they need for innovation?

THEORY
Our study considers two categories of barriers to knowledge transmission, which we call
"organizational distance" and "geographic distance." Organizational distance is defined by the
types of relationships the firm has with other organizations (customers and suppliers, mainly)
which provide it with the knowledge it needs for innovation. The hypothesis arising from this
literature is that firms with closer, longer term contacts (i.e. "networked" firms) are better able to
obtain knowledge relevant to innovation. Increased speed of knowledge transfer between
networked firms implies that innovation within these firms will also be faster.
The economic geography literature emphasizes physical distance as the factor
constraining knowledge transmission. According to this literature, firms located within
technological clusters such as Silicon Valley have greater access to knowledge needed for
innovation. Thus, innovation speed should be related to facets of the firm ' s location, rather than
the market relations the firm has. While knowledge transmission may be constrained by both
geographic and organizational distance, it is not clear that either of them actually affects
innovation speed. In this section, we will review both sets of relevant literature and discuss how
these papers informed the empirical study discussed below.

Organizational Factors Affecting Innovation Speed
The first set of papers we reviewed suggests that the types of inter-firm relationships a
company builds are crucial to the innovative dynamics of the firm. Kessler and Chakrabarti
(1996), citing several other papers, suggest that innovation speed is enhanced through close
relationships with customers and suppliers. Our review of this literature suggests that such
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relationships are critical to rapid innovation (Mansfield, 1988). Many U.S. firms are now
initiating network relationships with customers, suppliers and even competitors (Goto, 1997;
Aoki, 1990; Nishiguchi, 1987; Helper, 1993; Helper & Sako, 1995; Dyer & Ouchi, 1993). These
relationships are characterized by long-term collaboration and extensive exchange of technical
and other non-price information. They offer several advantages over arms' length relationships,
which are shorter term and involve little information exchange beyond price and sales data.
Frequent and early information exchange enhances learning, and provides access to resources
that are otherwise unavailable (Powell, Koput & Smith-Doerr, 1996; Mowery and Rosenberg,
1989; Von Hippel, 1988; Womak, Jones and Roos, 1990). Tacit (experiential) knowledge is
frequently involved in innovation, and is difficult for arms' length exchange partners to share.
Network partners, because of the relationship-specific investments made, find transfer of such
knowledge easier (Weiss and Birnbaum, 1989; Teece, 1996). As networks reduce organizational
distance, they enhance innovation speed, regardless of the location of partner firms.
Network relationships have been a hallmark of Japan's industrial structure since it was
first industrialized. Several papers (Aoki, 1990; Dyer, 1996; Helper, 1991; Imai, 1992) suggest
that increased innovativeness is one of many benefits of a Japanese-style network relationship.
Bolton, Malmrose and Ouchi (1994) conclude that network relations in the Japanese
semiconductor equipment industry have accelerated the development of new technology.
Griliches (1990) also notes that there has been a rapid growth in U.S. patents granted to major
Japanese electronics and motor vehicle firms. Womak et al (1990) contrast the Japanese firm
with the typical American firm, in which prices are the sole means of coordination. This paucity
of information exchanged, along with the one-time nature of transactions between American
firms restricts the transfer of technical knowledge and frequently leads to incompatibility
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between components, and inferior quality of the final product. In describing the assembly of
parts for an automobile set, Womak says, "When the parts were finally put together .. .it was not
surprising that a piece would not fit or that two abutting materials would prove incompatible. For
example, they might rattle or squeak in cold weather because of different expansion
coefficients." (p. 142) Not only innovation speed, but innovation quality is enhanced through
network relationships.

Geographic Factors Affecting Innovation Speed
Network relationships as described thus far are not related to spatial proximity. Yet
several researchers have made the compelling argument that transmission of ideas and
knowledge is eased by geographic proximity (Jaffe, 1986; Jaffe, Trajtenberg & Henderson, 1993;
Audretsch & Feldman, 1996; Audretsch & Stephan, 1996; Glaeser, 1994). As noted in Krugman
(1991), intellectual breakthroughs must cross hallways and streets more easily than oceans or
continents. This suggests that innovation is faster in firms located in high technology
agglomerations such as Silicon Valley (Schoonhoven et aI, 1990). Others have suggested that
although information can be easily transmitted over long distances, knowledge cannot (Sako,
1996; Audretsch & Feldman, 1996), which explains why high technology is concentrated in
relatively few places (Malecki, 1991; Saxenian, 1994). According to this hypothesis, firms
obtain most of the knowledge they need to innovate from entities located nearby. Knowledge
transmission is not necessarily related to a market connection between firms.

HYPOTHESES
Before we present our hypotheses to be tested, a note about what we are not testing might
prove useful. We are not attempting to differentiate between high technology and non-high
technology firms. Instead, we assume that knowledge transmission is more important to high
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technology firms, because these industries are more innovative. Since we are interested which
factors constrain knowledge transmission and therefore affect the speed of innovation, non-high
technology firms will not playa role in this study. We are also not attempting to discover why
some high technology firms agglomerate while others do not. When a high-technology firm
locates away from agglomerations, we conclude that geographic distance is not a constraint to
innovation for that firm, so that such firms do not provide a good test of the theories described
above. In fact, our sample of firms located in the major high technology industries of the
metropolitan areas of Texas biases our results toward geographic distance as a constraint to
innovation. This makes our finding that geographic distance does not significantly constrain
innovative ability even more remarkable.
Rather, we would like to know which constraint on knowledge transmission is most
significant, given the location the firm has chosen. Because differences between agglomerated
and non-agglomerated firms is not of concern here, we do not sample high technology firms
located outside major metropolitan areas. Finally, since we are interested in "distance" as a
constraint on knowledge transmission, we pay relatively little attention to internally generated
knowledge in this study. Certainly knowledge existing within the firm is important for
innovation speed, but since it does not directly relate to the measures of distance used here, we
consider it only in passing.
It is possible that both geographic distance and organizational distance affect the speed

with which firms innovate. Our framework allows us to distinguish between the effects of these
two factors as follows: we assume that knowledge is a necessary input to innovation (Griliches,
1979; Feldman, 1994), and that rapid innovation is crucial in high technology industries but not
for non-high technology firms (Broz , Cramer, DeSantis & Fleisher, 1993). Ifknowledge
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transmission depends on geographic distance, the speed of innovations should be correlated with
factors related to geographic proximity, and "unrelated" organizations (i.e. not customers or
suppliers) would be the main source of innovation-related information. We call this the local
knowledge spillovers hypothesis (LKSH). In addition to facilitating knowledge transmission,
agglomerations may be due to other "Marshallian" factors (larger pool of workers with
specialized skills, and availability of specialized inputs and services). These other reasons for
agglomeration must be controlled for before one can say that geographic proximity does indeed
speed innovation.
Hypothesis 1: (Local Knowledge Spillovers Hypothesis) Knowledge transmission is
constrained by geographic distance, so that, controlling for "Marshallian" causes of
agglomeration, the speed of innovation is positively related to factors of geographic
proximity, including nearby organizations that are not customers and suppliers.
If close relationships between the innovating firm and its customers and suppliers
(network relationships) facilitates knowledge transmission, then geographic proximity is not
necessary to obtain the knowledge needed for innovation. In this case, innovation speed will be
related to the strength of the firm's relationships with its suppliers and customers, but not
necessarily to the geographic distance between them. This is the industry structure hypothesis
(ISH) and it is supported by the success of Japanese-style networks of firms.
Hypothesis 2: (Industry Structure Hypothesis) Knowledge transmission is constrained
by organizational distance, so that the speed of innovation is positively related to factors
describing the type of relationship a firm has with its customers and suppliers.
Innovation is the process of uncertain problem solving that combines private with public
knowledge (Dosi, 1988; Griliches, 1990). As noted above, we are mainly interested in external
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sources of knowledge, and their sources. The two potential sources of external knowledge are
(1) firms and organizations in the area (LOC) and (2) direct linkages between the firm and others
in related industries (customers and suppliers) (ORG). For completeness, we allow for the
possibility that non-local and non-related entities may be external sources of knowledge useful
for innovation.
Measuring internally generated knowledge turns out to be quite difficult. Since it is
dependent on the combination of old and new information, and relies on the fact that old
information is useful only as long as it is currently being used, we will use the firm's age as a
proxy for the state of internally generated knowledge. Stein (1997) notes that established firms
have a comparative advantage in innovation, since they know their customer base better and
have experience bringing new products to market and making adjustments in production
techniques. Thus, we assume that older firms have a larger stock of internally generated
knowledge from which to draw, and should therefore generate more innovations.
Underlying the industry structure hypothesis is the idea that inter-firm relationships
positively affect a firm's speed of innovation. According to this theory, the strength of inter-firm
linkages depends on the length of their relationship, the type of information exchanged, (Helper
& Levine, 1992; Teece, 1981) and whether or not the firms are located in the same city. We

expect that an increase in the length of the relationship or the frequency and type of information
exchanged will strengthen inter-firm linkages and therefore increase innovation speed.
Similarly, geographic proximity should also strengthen interfirm relationships and thus facilitate
faster innovation. It is an empirical question to determine which (if any) of these effects is
significant, and how they rank in size.
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Hypothesis 3: Innovating firms consider relationships with customers and suppliers

crucial to innovation speed when these relationships (a) are long-term, (b) involve
frequent exchange of detailed technical information, and (c) are with customers and/or
suppliers located near the innovating firm.
METHODS
Data Collection

Consistent data on relational and geographic strategies used by innovating firms is not
available from published sources. This meant that we were not able to construct measures of
interest in this study using publicly available data. Instead, we test our hypotheses using data
collected through a survey sent to high technology firms in the five largest metropolitan areas of
Texas (Austin, Dallas, Fort Worth, Houston and San Antonio). Names and addresses came from
the 1995 Directory of Texas Manufacturers (DTM), which is published annually by the Bureau
of Business Research of the University of Texas at Austin. As the DTM covers over 90% of
Texas establishments with more than 10 employees and over 500/0 of establishments with fewer
than 10 employees, it is an excellent source.
Our survey instrument was developed in two stages. First, we designed an initial version
of the questionnaire based on our review of the literature and the hypotheses developed. We
tested this version through interviews with 23 managers of high technology firms in the five
metropolitan areas we studied. A list of the companies interviewed is available from the authors
upon request. Comments received from managers in our interviews, and written comments
received from some of the managers at a later date were incorporated into our modified
questionnaire, which was mailed to our sample of business units.
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Since we are interested in innovation, we surveyed high technology firms only. Defining
exactly what is meant by "high technology" turns out to be a key problem for this study. The
literature contains several definitions including the "employment statistics" scheme used here,
which assumes that high technology industries employ a larger than average percentage of highly
skilled workers (Markus en, Hall and Glasmeier, 1986). We selected this definition because
human skills highly correlate with other indicators of "technological" performance, such as
R&D, the stock of capital, and information intensity. Markusen et al (1986) found that the
national average employment of skilled workers (engineers, engineering technicians, computer
scientists, life scientists and mathematicians) for all industries was 5.82 percent of all firm
workers. One hundred four-digit SIC industries were above this average and were thus classified
high technology. See Markusen, et al (1986) for a listing of these industries.
Next, we extracted employment data for these 100 high technology industries using
County Business Patterns for 1993 (the latest year for which data was available at the time this

study was performed). Considering only the five metropolitan areas under study, we ranked the
one-hundred high-technology industries twice, once by total employment, and once by number
of firms. The top SIC codes based on each classification scheme (there was some duplication, as
SIC codes sometimes had both highest employment and largest number of firms) form the basis
for our survey. Firms in the following SIC codes were surveyed: Austin: 3544, 3672, 3679,
3823, 3674,2834, 3571, 3842; Dallas: 3544,3661,3721,3728,3674,3679,3823,2899,2842;
Fort Worth: 3728, 3533,3535, 3679,3069,3544,2899,3721,2834, 3674; Houston: 3533,3823,
2899,3561,3569,3511,2821,2869,3571; San Antonio: 3728,3544,3679,2899,3674,3537,
2842, 3721, 3531, 2834. To further establish that respondents were high technology firms, we
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asked each establishment what percentage of its labor force consisted of engineers and scientists.
Of the 394 responding firms, 180 met the high technology criterion.
The DTM listed 1,772 establishments in the selected SIC codes and metropolitan areas,
and a questionnaire was mailed to the general manager of each of them. We followed Dillman's
(1978) total design method, including follow up letters and one follow up mailing. Of the 1,772
mailed surveys, 24 were returned empty or with a note indicating reasons for not answering the
questionnaire. Common reasons included the proprietary nature of the information we requested,
and that the company has a policy of not responding to surveys. Of the remaining surveys, 372
were completed and returned, yielding a response rate of 21 percent. Our response rate is
standard for mail surveys of top executives of American firms (Baruch, 1999; Christmann,
2000). Questions were grouped into four categories regarding: (1) the firm's most important
suppliers, (2) the firm's most important customers, (3) other organizations important to the firm
which were neither suppliers nor customers, and (4) characteristics of the firm's location.
Most of the respondents were small establishments - 83 percent had fewer than 100
employees, and 95 percent had fewer than 500 employees (the official cut-off point for a Small
Business Administration "small firm"). More striking is that almost half of respondents (49
percent) had fewer than 20 employees. Saxenian (1994) reports a similar situation in Silicon
Valley, a region populated by close to 3,000 electronic manufacturing firms in the 1970s, of
which 85 percent had fewer than 100 employees. Despite being small, most establishments (83.5
percent of respondents) were independent firms, not branch plants. While the vast majority of
respondents were very small, this does not suggest that innovation was lacking in our sample.
Broz et al (1993), citing other studies, state that R&D intensity does not vary with establishment
size, although smaller firms concentrate more on product innovation than process innovation.

11
Additionally, the time to market for a new innovation is the same for both small and large
establishments, according to this report. Finally, 40.1 percent of respondents were located in the
Houston metropolitan area, followed by the metropolitan areas of Dallas (26.7 percent), Fort
Worth (13.9 percent), Austin (10A percent) and San Antonio (8.8 percent).
Representativeness of the Sample

In order for us to generalize the conclusions drawn from this data, it is important that the
responding firms be similar to our survey population. One of the most common procedures to
test for sample selection bias is to survey a sample of non-respondents. This was not possible for
us; our questionnaire ensured participant anonymity so that we had no way to distinguish
responding from non-responding firms. We chose to guarantee anonymity in order to increase
our response rate, as the questions we asked often required divulging proprietary and potentially
sensitive information. Our choice to guarantee anonymity was confirmed when managers called
after receiving the questionnaire to say they were interested in collaborating with the university,
but they could not respond to our questionnaire because the information we requested was
critical to their competitive strategies.
We have used two other common methods to test whether respondents are representative
of the sample surveyed. The first is to compare respondents to the entire sample along variables
for which information can be obtained for the entire sample (Christmann, 2000). Three such
variables exist in our survey - business unit size (number of employees), year in which the unit
started to manufacture, and geographic distribution among the five metropolitan areas. The
responding population did not differ significantly from the sample in any of these three variables.
The second method to test the representativeness of the respondents is based on the
observation that in mail surveys, nonrespondents tend to be more similar to late respondents than

12
to early respondents (Fowler, 1993). We numbered our questionnaires as they were returned to
us, so that we know the order in which responses were received. Unfortunately, we do not know
which questionnaires were received prior to our follow up mailings, and which were received
after our second and third mailings. Mangione (1998) suggests that surveys are returned in
waves, with approximately 40% returned after the first mailing, 20% after the second mailing,
10% after the third mailing and 5% after the fourth mailing. Since we had only three mailings,
we assume that 15% of respondents returned the questionnaire after our third mailing. When we
compared means and correlations for the first 40% of our respondents to those from the last 150/0
of respondents, we found that the two groups did not differ significantly either in levels of the
variables or in the relationships between the variables. These two tests suggest that respondents
to our survey are representative of the mailing sample, and that a self-selection bias is unlikely to
exist in our data.
RESUL TS AND DISCUSSION

The unit of analysis in this study is the manufacturing plant. In the first set of regressions,
we consider the effects of two groups of data (LOC and ORG) on the likelihood that a plant
develops products or processes (i.e. innovates) at a rate above average for its industry. We
divided our sample of high technology firms (those with 6% or more engineers and scientists)
into two groups - those innovating faster than their industry's average, and those innovating at or
more slowly than the industry average. Because our data is categorical, ordinary least squares
regressions will give biased estimates (Greene, 2000; Amemiya, 1985). We therefore use the
logit model for all regressions in this paper. We run two separate sets of regressions, one each
for product and process innovation.
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Local Knowledge Spillovers, Industry Structure and Innovation Speed
The variable Yp i is set equal to one if the firm is above its industry group average in the
number of products it developed and brought to market in the last two years, and zero if the firm
is below its industry group average. Similarly, Ypr is set equal to one if the firm is above its
industry average in the number of changes it has made to reduce its manufacturing and
development cycles (a proxy for speed of process innovation), and zero if below average. We
regress these variables against both organizational variables (ORG in our framework) and
locational variables (LOC in our framework). Table 1 describes the regressors used.
[Table 1 about here]
We asked firms to evaluate the importance of these variables to the performance of their
plant on a scale from one (not important) to five (very important). Because respondents are more
likely to sort themselves accurately into two groups than into five, we transformed the variables
into binary form, with one being very important (response of four or five) , and zero being not
important (response of one, two or three). This transformation does not affect our results.
Before running regressions, we checked the quality of our data through a calculation of
correlations among the independent variables. Table 2 gives the results of this test. Generally,
correlations between independent variables are low, although there are a few exceptions. The
local area as a source of technical personnel is highly correlated with the presence of other firms
to attract skilled labor, and with local universities as sources of engineers and scientists. This
suggests that high tech firms look for all three factors in deciding where to locate their plants.
Additionally, correlations between information sent to and received from customers and
suppliers are high, for both product and process innovation. This suggests that firms either
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involve both customers and suppliers in innovation, or neither of them and that firms using
customer/supplier input in product innovation also use this input for process innovation.
[Table 2 about here]
Support for the industry structure hypothesis is found if organizational variables are
positively and significantly related to innovative performance. If local technical externalities are
related to innovative performance, then the local knowledge spillovers hypothesis is supported.
Notice that the data may support both hypotheses or neither of them. These regressions are not a
test between two mutually exclusive alternatives. Finding that organizational variables are
important does not suggest that local knowledge spillovers never occur, and finding that
locational variables are positively related to innovation does not imply that industry structure
plays no role in innovation. Instead, these regressions may point out which set of factors is
relatively more important, so that managers can choose the optimal blend of organizational and
geographic strategy to enhance firm performance.
[Table 3 about here]
The results of the first regression, presented in columns one through three of table 3,
support the industry structure hypothesis. As indicated by the significance of the coefficients and
of model 3 (the most parsimonious of those we estimated), it is more likely that a firm develops
new products at an above-average pace if (a) it maintains close relationships with suppliers
(sprodin), (b) it maximizes access to external sources of knowledge by locating in a city with

availability of numerous direct flights (a./f), and (c) it hires at least some of its technicians from
outside the area (fat). The first of these factors is entirely unrelated to distance, and the second
two suggest that access to outside (rather than local) resources enhances innovation.
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As discussed above, innovations may also be based on knowledge existing within the
firm. Since innovations involve combining new and existing knowledge (Dosi, 1988; Griliches,
1990), they depend on the firm's existing stock of knowledge. To proxy for the stock of
knowledge existing within the firm, we added the firm's age to our regressions. Because we have
relatively few observations, we will convert the AGE variable to binary form, setting it equal to
one if the firm was in existence before 1980. 1980 is used at the dividing line because many of
the changes in high technology products and processes have occurred since that time. When we
included it, AGE was significant in none of the regressions. These results are presented as model
4 of table 3 and model 8 in table 4.
[Table 4 about here]
Results from the second regression are presented in table 4. Process innovations are
strongly associated with only one source of knowledge - the involvement of suppliers (sproccin).
Thus, a high technology firm is more likely to be above its industry group average in process
innovations if it maintains a significant relationship with suppliers. Local sources do not appear
to lead to the knowledge transfers required for either product or process innovation. Instead, as
our pre-survey interviews suggested, the relationship with suppliers is key in enhancing the
firm's innovativeness.
Our results support the industry structure hypothesis, but not the local knowledge
spillovers hypothesis. We have found that inter-firm relationships, particularly with suppliers, are
correlated with speed of innovations but relationships with organizations or other sources of
knowledge in a given location (such as local universities) are not. It appears that, at least in
Texas, high technology firms agglomerate for the same reasons as non-high technology firms,
rather than to gain access to knowledge spillovers.
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Breaking Down the Industry Structure Hypothesis
Both regressions presented above suggest that the relationship a firm has with its
suppliers is one of the best predictors of its innovative performance. In summary statistics not
reported here, we divided our sample into fast and slow innovators. We then compared mean
responses regarding the importance of customers and suppliers for the two groups. The results
suggest that fast innovators are more likely to view long-term contracts and frequent information
exchange with customers and suppliers as important to innovation. Here, we turn to a closer
examination of this hypothesis, to see just what kind of relationships firms view as most
important. Recall that there are three characteristics of interfirm relationships - length of time the
firms have been working together and expect to continue working together, type of information
transferred between partner firms and whether or not the firms are located in the same city. In
order to consider which of these are significantly related to speed of innovation, we run four
regressions for each possible combination of partner firm (customer or supplier) and innovation
type (product or process).
It may be that customers and suppliers are considered important to innovation for reasons
other than innovation-specific knowledge. For example, customers may provide a list of desired
product characteristics that the firm then combines with internally generated knowledge into a
new product. To ensure that customers and suppliers are providing knowledge related to
innovation, our survey asked specifically about exchange of technical information. Additionally,
we control for internally generated knowledge by including the length of time that the firm has
been in existence. As above, firm age (converted to a binary variable) serves as a proxy for the
accumulation of in-house knowledge. Table 5 describes the variables used in this set of
regreSSIons.
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[Table 5 about here]
Before running regressions, we checked the quality of our data by calculating summary
statistics and correlation coefficients for our independent variables. As table 6 indicates, firms
which ranked receiving technical information frequently from buyers (suppliers) as important to
innovation speed also ranked providing technical information frequently as important. There is
also a large correlation between the importance of receiving/providing information from/to
customers and the importance of receiving/providing information from/to suppliers. This view is
supported by the length and flexibility of contract variables - firms who ranked long-term
flexible contracts with buyers important to innovation speed also frequently ranked long-term
flexible contracts with sellers as important. In short, if firms believe customers are important to
innovation speed, they also believe suppliers are important to innovation speed. To avoid
problen1s with multicollinearity of independent variables, we run two sets of regressions, one
considering the importance of buyers to innovation speed, and one relating the importance of
suppliers to innovation speed.
[table 6 about here]
[table 7 about here]
Results regarding the importance of buyers and suppliers are given in table 7, and support
the hypothesis that networks are useful to firms in increasing the rate of both process and product
innovation. The significance of the respective coefficients and the significance of the models
suggests that high technology firms are more likely to consider the relationship with key
customers important to both types of innovation if it involves providing customers technical
information on a daily or weekly basis (brinfo) and maintaining flexible (jlexcb), longer term
contracts (contb) with them. This supports hypothesis 3(a) and 3(b). Length of the relationship
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and information exchanged affect whether the firm views the relationship as important to
innovation, but distance between partner firms does not. Hypothesis 3(c) is not supported in
relationships with customers. Our results also explain why access to frequent flights was a
significant predictor of innovation in the previous set of regressions. If partner firms are not
located nearby, regular direct flights are necessary to expedite the frequent information exchange
that is key to innovation.
The effect of the flow of information from customers (bpinfo) is important for product
innovations, but in an unexpected way. The negative but significant coefficient for bpinfo
(column 1) indicates that firms not receiving frequent technical information from their customers
are more likely to consider the relationship important for quickly developing new products.
Kessler and Chakrabarti (1996) discuss the need for clear goals to speed innovation. Our results
may indicate that when too much technical information is received from customers, or when the
rate at which technical information arrives is too fast, the innovating firm has a more difficult
time tailoring its product/process development to meet customer needs. The significance of
brinfo for both types of innovation, and srinfo for process innovation implies that network
relationships are important to firms for innovation, but that the most important networks are
asymmetric, in which the firms frequently provide, rather than receive information.
These regressions provide little support for the local knowledge spillover hypothesis. The
insignificance of the variable bloe suggests the location of a customer does not make it important
to a firm in developing new products or processes. This result is consistent with what managers
expressed in our interviews, and in the survey responses: their most important customers were
scattered all around, and not necessarily located nearby. The location of the supplier (sloe) is not
significant for process innovation, although it is significant for product innovations. Thus, we
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find limited support for hypothesis 3(c) for suppliers only. Having suppliers located nearby
somewhat increases a firm's ability to develop and market new products quickly.
In sum, while network relations with buyers are perceived by Texan firms as important to
innovations, the relative insignificance of exchange of technical information and existence of
long-term contracts with suppliers suggests the interaction with suppliers is characteristic of
arm's length relationships. The only hint that network relationships with suppliers may be
important is the significance of contract flexibility (flexes). This matches the predictions of our
pre-survey interviews, in which the relationship with customers was always listed as crucial for
innovation, and relationship with suppliers was mentioned only occasionally. Finally, geographic
distance between the firm and its customers is never significantly related to innovation, while
supplier location matters somewhat, but only for product innovation. Once again, we fmd strong
support for the industry structure hypothesis, as stated in hypotheses 3(a) and 3(b), and only
limited support for the local knowledge spillovers hypothesis as stated in hypothesis 3(c).

CONCLUSIONS AND EXTENSIONS
The literature suggests two measures of distance constrain transfer of knowledge needed
for innovation and therefore limit the speed at which firms innovate. The first type, geographic
distance implies that knowledge does not travel well, so that spillovers between (possibly
unrelated) firms, organizations and other sources in the same area provide the majority of
knowledge needed for innovation. According to this hypothesis, innovation will be faster in
firms located near a large number of similar organizations not necessarily related through market
transactions to the innovating firm. High technology agglomerations such as Silicon Valley are
cited to support this thesis.
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The second constraining factor is what we call organizational distance. According to this
hypothesis, knowledge needed for innovation is not constrained by distance, and may be
available to well-connected firms, regardless of their location. Under this hypothesis, firms
which frequently exchange detailed technical information with customers and suppliers, and
which have long-term cooperative relationships with them will be faster at innovating.
Our results support the hypothesis that long-term flexible contracts in which information
is frequently exchanged strengthen the innovative ability of high technology firms. The effect of
nearby organizations on innovation speed is not significant, at least for firms in the five
metropolitan areas of Texas. Our results corroborate those found in Zucker et al (1998), who
concluded that key scientists have a significant effect on biotechnology firm performance only
when the scientist is linked to the firm through a market relationship. Neither that study nor this
one support the idea that knowledge spillovers come from proximity alone, without some sort of
inter-firm link.
An alternative interpretation of our results regarding organizational distance and
innovation is that the firm's innovative ability makes it an attractive candidate for a long-term
relationship with frequent information exchange. That is, rather than the network relationship
leading to faster innovation, it is the faster innovation that leads to a larger number of network
relationships. Our data does not allow us to say whether the chicken (fast innovation) or the egg
(network relationships) came first. Nonetheless, we have shown that network relationships and
increased innovative ability are significantly and positively related.
Do these results tell us that previous studies suggesting local knowledge spillovers are
more important to innovation than non-local relationships are wrong? Not necessarily. One
possible explanation of our result is that the high technology agglomerations in Texas are a
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relatively new phenomenon, so that the need to connect to established centers of high technology
is more important than local linkages. Further study is needed to determine whether there is some
level of regional development at which point local linkages begin to significantly predict
innovative activity.
This study also does not obviate the importance of local amenities in determining where
firms choose to locate, nor does it suggest that high teclmology agglomerations are only
coincidental. It does allow one to conclude that provision of amenities such as good schools and
recreation opportunities will attract both high technology (innovative) and non-high technology
(non-innovative) firms. An area that wishes to foster an emerging high technology agglomeration
would do well to promote the exchange of information between high technology customers and
suppliers by connecting itself with other high technology regions. Availability of frequent flights
for scientists and engineers fosters such connections.
Once again, we have not considered differences between high technology and non-high
technology firms. Rather, we have assumed that high technology industries are more innovative
and therefore depend on knowledge transmission. We have also not considered why some high
technology firms are located within agglomerations while others are not. Instead, we ask which
sources of knowledge are significant in helping firms speed the rate at which they innovate,
given that the firm is part of a high technology agglomeration. Our findings suggest that this
knowledge comes from "friends", rather than "neighbors".

22
REFERENCES
Amemiya, T. 1985. Advanced Econometrics. Cambridge, MA: Harvard University Press
Angel, D. 1994. Restructuringfor Innovation: The Remaking of the U.S. Semiconductor

Industry. New York, NY: Guilford Press
Aoki, M. 1990. Toward an Economic Model of the Japanese Firm. Journal of Economic

Literature, 28:1-27
Audretsch, D. & Feldman, M. 1996. R&D Spillovers and the Geography of Innovation and
Production. American Economic Review, 86:630-640
Audretsch, D. & Stephan, P. 1996. Company-Scientist Locational Links: The Case of
Biotechnology. American Economic Review, 86:641-652
Baruch, Y. 1999. Response Rate in Academic Studies - A Comparative Analysis. Human

Relations, 52:421-438
Bohon, M.K. , Malmrose, R. & Ouchi, W.G. 1994. The Organization of Innovation in the United
States and Japan: Neoclassical and Relational Contracting. Journal of Management

Studies, 31 :653-679
Brown, W. & Karagozoglu, N. 1993. Leading the way to faster new product development.

Academy of Management Executive, 7(1):36-47
Broz, J. , Cranmer, D., DeSantis, M. & Fleisher, B. 1993. Aspects of Performance in the High

Technology Sector Issues in Science and Technology Policy Working Paper.
Washington, DC: Office of Science and Technology Policy, Executive Office of the
President

23
Christmann, P. 2000. Effects of ' Best Practices' of Environmental Management on Cost
Advantage: The Role of Complementary Assets. Academy of Management Journal,
43:663-680
Dillman, D.A. 1978. Mail and telephone surveys: The total design method. New York: Wiley.
Dosi, G. 1988. Sources, Procedures, and Microeconomic Effects of Innovation. Journal of

Economic Literature, 36:1126-1171
Dyer, J.H. 1996. Specialized Supplier Networks as a Source of Competitive Advantage:
Evidence from the Auto Industry. Strategic Management Journal, 17:271-292
Dyer, J.H. and Ouchi, W.G. 1993. Japanese Style Business Partnerships: Giving Companies a
Competitive Edge. Sloan Management Review, 35:51-63
Echeverri-Carroll, E.L. 1997. Japanese Style Networks and Innovations in High-Technology
Firms in Texas. Austin, TX: Bureau of Business Research
Echeverri-Carroll, E.L. 1999. Knowledge flows in innovation networks: a comparative analysis
of Japanese and US high-technology firms. Journal of Knowledge Management, 3:296303
Emmanuelides, A.P. 1991. Determinants of product development time: A framework for
analysis. Academy of Management Best Paper Proceedings: 342-346
Feldman M. 1994. The Geography of Innovations Boston: Kluwer Acdemic Publishers
Fowler, FJ., Jr. 1993. Survey research methods. Newbury Park, CA: Sage.
Glaeser E.L. 1994. Cities, Information and Economic Growth. Cityscape 1:9-47
Goto, A. 1997. Introduction. In Goto, A. and Odagiri, H. (Eds), Innovation in Japan Oxford:
Clarendon Press

24
Greene, W.H. 2000. Econometric Analysis, Fourth Edition. Upper Saddle River NJ: Prentice
Hall
Griliches Z. 1990. Patent Statistics as Economic Indicators: a Survey. Journal of Economic

Literature, 28:1661-1707
Griliches Z. 1979. Issues in Assessing the Contribution of Research and Development to
Productivity Growth. Bell Journal of Economics, 10: 92-116
Helper S. 1991. Incentives for Supplier Participation in Product Development: Evidence from
the U.S . Auto Industry. Manuscript, presented at the Conference on Competitive Product
Development: Implications for Strategy, Technology and Organization, INSEAD,
Fontainebleau, France
Helper S. 1993. Supplier Relations in the U.S. and Canadian Automotive Industries: Results

of the 1993 International Motor Vehicle Program Survey. Cambridge, MA:
International Motor Vehicle Program, MIT.
Helper, S. & Levine, D.1. 1992. Long-Term Supplier Relations and Product Market Structure.

The Journal of Law, Economics and Organization, 8:561-581
Helper, S. & Sako, M. 1995. Supplier Relations in Japan and the United States: Are They
Converging? Sloan Management Review, 36:77-84
Imai K. 1992. Japan's Corporate Networks. in The Political Economy of Japan vol. 3: Cultural

and Social Dynamics. Stanford, CA; Stanford University Press
Jaffe A.B . 1986. Technological Opportunity and Spillovers of R&D: Evidence from Firms'
Patents, Profits and Market Value American Economic Review, 76:984-1001
Jaffe A.B., Trajtenberg M. & Henderson R. 1993. Geographic Localization of Knowledge
Spillovers as Evidenced by Patent Citation. Quarterly Journal of Economics 63:577-598

25
Kessler, E.H. & Chakrabarti, A. 1996. Innovation speed: A conceptual model of context,
antecedents and outcomes. Academy of Management Review, 21: 1143-1191
Krugman P. 1991. Geography and Trade Cambridge, MA: MIT Press
Malecki E.J. 1991. Technology and Economic Development: The Dynamics of Local,

Regional and National Change. New York: Longman Scientific & Technical
Mangione, T.W. 1998. Mail Surveys. In Bickman, L. and Rog, D. (Eds.) Handbook ofApplied

Social Research Methods. Thousand Oaks, CA: Sage Publications.
Mansfield, E. 1988. The speed and cost of industrial innovation in Japan and the United States:
External vs. internal technology. Management Science 34(10):1157-1168
Markusen A. , Hall P. & Glasmeier A. 1986. High Tech America: The What, How, Where and

Why of the Sunrise Industries. Boston, MA: Allen & Unwin
McDonough, E.F. & Barczak, G. 1991. Speeding up new product development: The effects of
leadership style and source of technology. Journal of Product Innovation Management,
8:203-211.
Mowery D.C. & Rosenberg N. 1989. Technology and the Pursuit of Economics Growth, New
York: Cambridge University Press
Nishiguchi, T. 1994. Strategic Industrial Sourcing. New York: Oxford University Press.
Page, A. 1993. Assessing new product development practices and performance: Establishing
crucial norms. Journal of Product Innovation Management, 10:273-290.
Porter, M.E. 1990. The competitive advantage of nations. New York: Free Press.
Powell, W.W., Koput K.W. & Smith-Doerr L. 1996. Interorganizational Collaboration and the
Locus of Innovation: Networks of Learning in Biotechnology Administrative Science

Quarterly, 41: 116-145

26
Sako, M. 1996. Suppliers' Associations in the Japanese Automobile Industry: Collective Action
for Technology Diffusion Cambridge Journal of Economics, 20:651-671
Saxenian, A. 1994. Regional Advantage - Culture and Competition in Silicon Valley and Route
128. Cambridge, MA: Harvard University Press
Schoonhoven, C.B. , Eisenhardt, K.M. & Lyman, K. 1990. Speeding Products to Market:
Waiting Time to First Product Introduction in New Firms. Administrative Science

Quarterly, 35:177-207.
Stein, J.C. 1997. Waves of Creative Destruction: Firm-Specific Learning-by-doing and the
Dynamics of Innovation. Review of Economic Studies, 64:265-288
Teece, D. 1981. The Market for Know-How and the Efficient International Transfer of
Technology. Annals, American Academy of Political and Social Science, 458:81-96
Teece, D. 1996. Estimating the Benefits from Collaboration: the case of SEMATECH Review

of Industrial Organization, 11 :737-751
US Bureau of the Census. 1996. County Business Patterns, 1989, 1993
Vesey, J.T. 1991. The new competitors: They think in terms of speed-to-market. Academy of

Management Executive, 5(2):23-33.
Von Hippel, E. 1988. Souces of Innovations. New York: Oxford University Press
Weiss, A.R. , & Birnbaum, P.H. 1989. Technological infrastructure and the implementation of
technological strategies. Management Science, 35: 1014-1026
Womak, J.P. , Jones, D. & Roos, D. 1990. The Machine that Changed the World. New York:
Rawson Associates
Zucker L., Darby, M. & Armstrong, J. 1998. Geographically Localized Knowledge: Spillovers
or Markets?" Economic Inquiry, 36:65-86

27
TABLE 1
INDEPENDENT VARIABLES
Organizational Variables
Bprodin

Set to 1 if a firm's relationship with buyers was important in
developing and commercializing new products

Sprodin

Set to 1 if a firm's relationship with suppliers was important in
developing and commercializing new products

Bproccin

Set to 1 if a firm's relationship with buyers was important in
reducing manufacturing and development cycles

Sproccin

Set to 1 if a firm's relationship with suppliers was important in
reducing manufacturing and development cycles

Age

Set to 1 if the firm was in existence before 1980

Locational Variables
Scale of the city

MKS foci for the majority of a firm's sales/purchases
SBS the presence of other specialized business services
ETH establishment supplying temporary help
QL quality of life

Transportation

CLD central location for distribution of products

Local externalities

POF presence of other firms attracts skilled labor
ILU information from local university scientists
LUE local universities provide engineers and scientists
LFS local firms are a source of scientists and engineers
LA T local area is a source of technical personnel

Non-local externalities

AFF accessibility to frequent flights for employees

Note: organizational variables were set to zero if they did not meet the criterion given. Each
locational variable was set to 1 if the firm responded that it was important for the plant's
performance, and 0 otherwise.

TABLE 2: Descriptive Statistics and Pearson Correlation Coefficients
1

2

8

9

14

Brpodin

0.51

0.50

2

Sprodin

0.44

0.49

0.40+

3

Bproccin

0.43

0.49

0.47+

0.41 +

4

Sproccin

0.50

0.50

0.39+

0.56+

0.47+

5

MKS

0.35

0.47

0.39

0.04

0.06

0.03

6

CLD

0.48

0.50

0.17+

0.19**

0.16**

0.12*

0.38+

7

AFF

0.25

0.43

0.17**

0.15**

0.14**

0.17+

0.05

0.25+

8

POF

0.32

0.47

0.30+

0.20+

0.23+

0.06+

0.06

0.18+

0.38+

9

ETH

0.16

0.37

0.21+

0.14**

0.19+

0.04

0.04

0.08/\

0.18+

0.37+

10

SBS

0.30

0.45

0.27+

0.28+

0.22+

0.12+

0.12*

0.24+

0.22+

0.36+

0.33+

11

ILU

0.14

0.35

0.08

0.08

0.05

0.02

0.02

0.05

0.14**

0.19+

0.18+

0.24+

12

LUE

0.14

0.34

0.21+

0.16**

0.15**

0.08*

0.08

0.05

0.20+

0.22+

0.21+

0.21+

0.57+

13

LFS

0.18

0.38

0.25+

0.25+

0.22+

0.04+

0.04*

0.13*

0.31+

0.37+

0.30+

0.32+

0.35+

0.51+

14

LAT

0.35

0.47

0.27+

0.24+

0.29+

0.08+

0.08+

0.21+

0.37+

0.42+

0.24+

0.38+

0.30+

0.42+

0.55+

15

QL

0.60

0.48

0.13**

0.12**

0.11 *

0.05**

0.05+

0.17+

0.16**

0.19+

0.06

0.13**

0.13*

0.20+

0.17+

0.23+

--

-------

---

7

13

1

- -

6

12

s.d

-

5

11

Mean

3

4

10

Variable

-

+:p<O.OOI; **:p<O.OI; *:p<0.05; "':p<0.10

N
00
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TABLE 3
Logit Model Results: Dependent Variable = Ypi (Product Innovation)

Intercept

Modell

Model 2

Model 3

Model 4

1.35*

0.90

0.59

1.13 *

(0.56)

(0.62)

(0.43)

(0.68)

Organizational Variables
BPRODIN

SPRODIN

0.17

0.16

0.17

(0.59)

(0.55)

(0.60)

0.98

1.04t

0.99

(0.66)

(0.58)

(0.66)

Locational Variables
MKS

CLD

POF

ETH

SBS

ILU

LUE

LFS

LAT

-1.09

-0.99

-0.98

(0.68)

(0.70)

(0.70)

0.31

0.28

0.25

(0.67)

(0.70)

(0.71)

0.84

0.44

1.47

(0.80)

(0.88)

(1.01)

1.48

1.57

0.61

(1.0)

(1.0)

(0.91)

0.94

0.61

1.74

(0.67)

(0.73)

(1.06)

-0.22

-0.01

0.77

(0.93)

(0.96)

(0.76)

-0.48

-0.42

-0.03

(1.01)

(1.12)

(0.97)

0.073

0.127

-0.34

(0.86)

(0.90)

(1.14)

-1.30t

-1.46 t

-1.40*

0.05

(0.70)

(0.76)

(0.61)

(0.92)
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QL

-0.81

-0.63

-1.70t

(0.67)

(0.70)

(0.82)

External Variables
AFF

1.56t

1.52

1.80*

-0.56

(0.93)

(1.00)

(0.79)

(0.70)

AGE

-0.57
(0.62)

-21nL

21.95

22.11

14.79

22.95

p

0.03

0.05

0.005

0.06

Note: Standard errors are in parentheses

* significant at the 0.05 percent level t significant at the 0.10 percent level
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TABLE 4: Logit Model Results: Dependent Variable = Yp r (Process Innovation)

Intercept

Model 5

Model 6

Model 7

Model 8

0.78

-0.11

0.65

-0.48

(0.55)

(0.68)

(0.37)

(0.82)

Organizational Variables
BPROCCIN

SPROCCIN

0.28

0.32

(0.96)

(0.97)

2.56*

1.97*

2.68t

(1.09)

(0.70)

(l.12)

Locational Variables
MKS

CLD

POF

ETH

SBS

ILU

LUE

LFS

LAT

QL

-0.56

-0.15

-0.041

(0.82)

(0.86)

(0.87)

0.67

0.22

0.13

(0.85)

(0.92)

(0.92)

l.20

1.40

0.24

(l.19)

(l.17)

(l.11)

-0.24

-0.61

l.31

(l.27)

(1.47)

(l.18)

l.46

0.93

-0.87

(l.13)

(l.34)

(1.53)

-0.75

0.01

0.92

(l.02)

(l.11 )

(1.33)

0.58

-0.59

0.11

(l.31)

(l.60)

(l.11)

-1 :99

-2.28

-0.91

(l.60)

(l.76)

(l.64)

-0.16

-0.04

-2.13

(0.95)

(1.06)

(l.73)

0.58

0.74

0.25

(0.69)

(0.80)

(l.10)
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External Variables

AFF

0.89

0.22

0.72

(1.09)

(1.10)

(0.82)

AGE

0.72
(0.78)

-21nL

9.52

18.39

9.526

19.27

P

0.57

0.14

0.0002

0.15

Note: Standard errors are in parentheses

* significant at the 0.05 percent level t significant at the 0.10 percent level
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TABLE 5
Description of Variables
Dependent Variables
Ybi

= 1 if the firm responded that its most important customers were very
important in innovation. i indexes product or process innovation.

Ysi

= 1 if the firm responded that its most important suppliers were very
important in innovation. i indexes product or process innovation.

Independent Variables
Bpinfo

= 1 if buyers provide engineering or technical info daily or weekly

Brinfo

= 1 if the firm provides buyers engineering or technical info daily or weekly

Contb

= 1 if firm has a contract longer than one year with most important buyer

Flexcb

= 1 if most important buyer willing to alter contract if unexpected events

Bloc

= 1 if most important buyer located in same metropolitan area

Spinfo

= 1 if suppliers provide engineering or technical info daily or weekly

Srinfo

= 1 if firm provides suppliers engineering or technical info daily or weekly

Conts

= 1 if firm has a contract longer than one year with most important supplier

Flexcs

= 1 if most important supplier willing to alter contract if unexpected events

Sloc

= 1 if most important supplier located in same metropolitan area

Age

= 1 if plant was in existence before 1980

Note: all variables set to 0 if condition not met
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TABLE 6: Descriptive Statistics and Pearson Correlation Coefficients
Variable

Mean

s.d.

Bpinfo

Brinfo

Contb

Bpinfo

0.28

0.45

Brinfo

0.38

0.48

0.70***

Contb

0.28

0.45

0.10t

0.13 *

Flexcb

0.81

0.40

0.05

0.04

0.23***

Bloc

0.29

0.45

0.18**

0.06

0.02

-0.03

Spinfo

0.29

0.46

0.61 *** 0.52***

0.11 *

0.09

0.09

Srinfo

0.35

0.48

0.48***

0.54***

0.01

0.08

0.03

0.70***

Conts

0.23

0.42

0.12*

0.19***

0.50***

0.14*

-0.04

0.11 *

0.08

Flexcs

0.79

0.41

0.09

0.06

0.15**

0.61 *** -0.05

0.13*

0.12*

0.22***

Sloc

0.30

0.46

0.01

-0.01

-0.04

-0.02

0.07

-0.11 *

***:p<O.OOl **:p<O.Ol *:p<0.05 t:p<0.10

Flexcb

Bloc

Spinfo

0.41 *** 0.03

Srinfo

Conts

Flex

-0.0:
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TABLE 7: IMPORTANCE OF BUYERS/SUPPLIERS TO INNOVATION
Product Innovation
Constant

Brinfo

Bpinfo

Contb

Flexcb

Bloc

-2 .39*

-2.10*

-0.62

-0.66

-2.86*

-2.90*

-1.33*

-1.50*

(0.64)

(0.60)

(0.50)

(0.45)

(0.50)

(0.68)

(0.55)

(0.51)

2.32*

2.34*

1.35*

1.34*

(0. 80)

(0.80)

(0.61)

(0.61)

-1.99*

-2.02*

0.07

0.07

(0. 84)

(0.84)

(0.66)

(0.66)

1.15*

1.05*

1.65*

1.66*

(0.48)

(0.47)

(0.43)

(0.43)

2.17*

2.15*

1.55*

1.55*

(0.59)

(0.59)

(0.65)

(0.65)

0.69

0.70

0.35

0.35

(0.53)

(0.53)

(0.51)

(0.51 )

Srinfo

Spinfo

Conts

Flexes

Sloe

Age

Process Innovation

0.78

0.78

1.12*

1.10t

(0.57)

(0.57)

(0.59)

(0.58)

0.07

0.06

0.11

0.08

(0.61)

(0.61)

(0.62)

(0.61)

0.05

0.06

0.057

0.10

(0.41)

(0.40)

(0.42)

(0.41)

0.93t

0.94t

1.57*

1.61 *

(0.51)

(0.51)

(0.56)

(0.55)

-0.88*

-0.90*

-0.05

-0.15

(0.44)

(0.42)

(0.45)

(0.42)

0.53

-0.07

-0.07

0.31

(0.42)

(0.39)

(0.42)

(0.41 )

-21nL

40.3

38.74

14.7

14.72

44.6

44.57

22 .5

21.92

P

0.0001

0.0001

0.02

0.01

0.0001

0.0001

0.001

0.0005

Note: standard errors are in parentheses
*significant at the 5 percent level
t significant at the 10 percent level
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ABSTRACT
Competition in high technology is increasingly based on rapid innovation. But what conditions
quicken innovation? Some suggest innovation is faster in firms with many related organizations
located nearby. Others propose relationships with customers and suppliers as key factors in rapid
innovation. We attempt to differentiate between these hypotheses. We find that local amenities
determine firm location, but not innovation speed. Instead relationships with suppliers and
customers are the main determinants of innovation speed.
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There is a large and growing literature on the "need for speed" in innovation. Shortening
the time from conception to final product has become a widely used method of gaining
competitive advantage (Kessler and Chakrabarti, 1996). However, most of the academic
literature on new product development is based on case studies or anecdotal evidence (Brown
and Karagozoglu, 1993). McDonough and Barczak (1991) make this argument, citing a
" ... dearth of field studies on factors that contribute to rapid development." In this paper, we
present the results of an empirical study of the factors influencing innovation speed using data
collected from a survey of high technology firms in the five major metropolitan areas of Texas.
Because our set of precursors to innovation includes both organizational and geographic features,
this study contributes to and draws on two sets of literature - organizational strategy and
economic geography.
We choose to concentrate on high technology because innovative speed is a critical factor
influencing competition in these industries. Product life cycles in high technology industries
have fallen dramatically, making faster innovation a necessary component of any competitive
strategy (Angel, 1994; Brown and Karagozoglu, 1993; Page, 1993; Vesey, 1991). Additionally,
the more competitive the industry, the more likely it is that firms will use speed in developing
new products and processes as a basis for competitive advantage (Emmanuelides, 1991; Porter,
1990; Schoonhoven, Eisenhardt & Lyman, 1990). These facts suggest that speed of innovation
is crucial in high technology industries, so that understanding which factors best explain and
predict differences in innovation speed should be of great interest to managers.
Key to our discussion is the assumption that knowledge transfer is crucial to innovation
(Griliches, 1979; Feldman, 1994; Dosi, 1988). The faster a firm is able to obtain knowledge, the
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